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One-Pot Synthesis and Application of Highly Concentrated, Monodisperse AgNPs
with an Ultra-Thin Silica Shell
Daniel Willett and George Chumanov

Department of Chemistry, Clemson University ~ Clemson, South Carolina
Introduction

Shell Growth & Stability

Ultra-thin silica shells (UTSS) are an effective way to improve the stability and compatibility of metallic nanoparticles without
significantly attenuating their intrinsic optical properties. This is of particular importance to plasmonic particles used in
sensing or surface related studies such as localized surface plasmon resonance (LSPR) or surface enhanced Raman
spectroscopy (SERS). For silver nanoparticles an UTSS can both hinder oxidation of the Ag in both air and water as well as
establish a scaffold for functionalization through well-established silane chemistry.
UTSS on metallic nanoparticles such as gold or silver generally involve first using a silane coupling agent to render the surface
vitreophilic followed by precipitation of silica by the Stober method or addition of sodium silicate species. Here we present a
method to obtain silver nanoparticles with a silica shell of a thickness between 1-20 nm on silver nanoparticles ranging in size
from 20-300 nm as a one-pot synthesis. This shell can then be grown larger post synthesis if needed. It is obtained during the
growth of the nanoparticles themselves by addition of a silica source to the well-established method of silver nanoparticle
synthesis by hydrogen reduction of silver(I) oxide in water that both catalyzes the reaction as well as generates the shell. This
allows for fairly monodisperse spherical silver nanoparticles to be obtained in concentrations of approximately 4.8E12 AgNP
per litre (for 100 nm AgNP with 1 nm silica shell). This silica shell greatly improves the particle stability allowing for further
concentration of the particles in water up to solutions containing 50% Ag by weight. In addition we demonstrated the ability of
these particles to be easily integrated into substrates for both SERS and LSPR applications.

Synthesis

Original synthesis developed in this lab - AgNPs were synthesized by the hydrogen reduction of Ag2O in DI
water at elevated temperature (72°C) and pressure (10 psi) in a Pyrex vessel[1]. When this reaction was
performed in a quartz vessel under same conditions yield was ~10x less.







“Naked” AgNP
~5% rods & platelets
O.D. ~ 1
~5E12 AgNP/Litre
<1% Ag2O reduction

Modified Synthesis- AgNPs were synthesized by the hydrogen reduction of Ag2O in DI water at elevated
temperature (72°C) and pressure (10 psi) in a Quartz vessel with the addition of silica in the form of fumed silica
or sodium silicate.







1-2 nm Si Shell
Only Spherical AgNP
O.D. ~ 100
~5E14 AgNP/Litre
>95% Ag2O reduction

TEM of AgNP after 1 mM Na2SiO3
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After the initial shell has been established during growth of the
particles it can be increased by simple condensation of silica in the
form of sodium silicate. To demonstrate this Na2SiO3 was added to
aqueous solution in varying concentrations from .1 mM to 2 mM.
Following this, 3 parts EtOH was added to the AgNP & silicate
solution promoting condensation of the free silica in solution on the
AgNP surface. This resulting in red shifts of the plasmon resonance
for these particles due to increasing refractive index of the local
environment of 4 nm for 1mM Na2SiO3 and 9 nm for 2 mM Na2SiO3. To
confirm the condensation of silica on the surface rather than
separate SiNP formation, TEM was performed on the particles. This
showed we had formed ~4 nm thick shell by the addition of 1 mM
silicate solution and ~15 nm shell on the 2 mM silicate solution. The
particles can then be washed to remove EtOH and excess silica from
solution.
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UV-Vis of two AgNP with different thickness of shells as a function of
time when exposed to 3 mM Na2S.

While providing some stability to the particles in terms of oxidation
and aggregation resulting from high AgNP density the 1-2 nm Si
shell is porous enough that it provides no protection to high salt
concentrations when compared to “naked” AgNP of similar size.
However once the shell has been increased to ~15 nm it provides
enough protection that the particles were stable in 3 mM Na2S for a
period of up to one week.

TEM of AgNP after 2 mM Na2SiO3

Sodium Silicate vs Fumed Silica
The choice of the silica species used to
grow these particles plays a large role
in how the particles develop. Sodium
silicate grown particles seem to
fractionate during growth, so that once
the particles get to a certain size (~5060 nm), you see new seeds form that
start growing along with the larger
particles. Up to 4 different fractions
have been observed for the same
reaction occurring approximately every
50 nm of AgNP growth.

Fumed silica on the other hand doesn’t
experience this fractionation until the
particles get much larger (>300 nm).
Therefore it is
.5mM Fumed Silica
much easier to 2.1
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LSPR

While we had previously demonstrated the ability to obtain sharp
plasmon resonances from 2D arrays of “naked” AgNP, their stability
as a sensor was limited due to instability of the resonance that
gradually decayed over time. Using AgNP prepared with a 1-2 nm Si
shell provided enough stability that the particles maintained their
resonance for a period of several weeks when assembled into 2D
arrays. Using these we were able to demonstrate sensing resolutions
for our arrays down to 4.8E-6 RIU for bulk refractive index. This
shows great promise for sensing local binding effects[2].
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Representation of complete LSPR setup
SEM of AgNP grown up to ~175 nm with sodium silicate

SEM of AgNP grown up to ~175 nm with fumed silica

SERS

HR-TEM of 100 nm AgNP grown with 1 mM fumed silica

0

While our AgNPs show
potential for shell isolated
nanoparticle-enhanced
Raman spectroscopy, here we
demonstrate their ability as a
simple SERS substrate due to
their high concentration and
easy of preparation. SERS
measurements
may
be
obtained by simply dropping
~1 uL of highly concentrated
AgNP onto a glass slide
followed by exposure to the
analyte then rinsing.

Coherent plasmon coupling in 2D array
(orange) and the same AgNPs in
suspension (black)

Conclusion
A one-pot synthesis to obtain highly concentrated, monodisperse or
heterogeneous, spherical AgNPs with a thin silica shell formed during particle
growth has been described. The ability to thicken this shell post synthesis simply
by addition of a silicate species of a certain concentration followed by
condensation by addition of ethanol has been demonstrated. This represents a
reliable and easy approach to prepare AgNP with a thin silica shell which has use
in a wide variety of applications, including LSPR and SERS.
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